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lVIETHOD FOR GRAIN REFINING OF 
ALUMINUM AND GRAIN REFINING ALLOY 

This is a division of application Ser. No. 08/108,825, 
?led Aug. 18, 1993, now US. Pat. No. 5,424,031, which was 
a continuation of application Ser. No. 858,118 ?led Mar. 26, 
1992, now abandoned. 

The present invention relates to a method for grain 
re?ning of aluminium and aluminium alloys and to a grain 
re?ning alloy for carrying out the method. 

The grain structure of a metal or an alloy decides a 
number of important properties in the product. Grain re?n 
ing of aluminium and aluminium based alloys is an example 
of how a structure consisting of small equiaxial grains gives 
a number of advantages compared to a structure comprising 
larger grains structure. The most important are: 
Improved castability due to more effecient flow of metal. 
Improved mechanical properties. 
Improved machinability. 
Improved surface quality. 
The grain size varies with the chemical composition of the 

alloy and with the casting method. The casting method 
decides a number of important factors, such as cooling rate, 
casting temperature, temperature gradient and the state of 
mixture in the melt both before and during solidi?cation. 

It is not always possible to control or optimize these 
factors and it has therefore been found necessary to add 
grain re?ners to the molten metal prior to casting. Addition 
of grain re?ners “catalyzes” the nucleation of aluminium 
crystals. Comercially available grain re?ners contain, in 
addition to aluminium, titanium and/or boron. By changing 
the composition of grain re?ning alloys one can obtain big 
differences in their ability to effect grain re?ning. 
The concept of grain re?ning can be divided into two 

phenomena; nucleation and growth of crystals to a limited 
size. The grain re?ning alloys contain aluminium with 
titanium and/or boron in solid solution and particles like 
TiAl3 and/or TiBzlAlBz. It is generally accepted that grain 
re?ning is due to heterogeneous nucleation of aluminium 
crystals on particles supplied through the grain re?ning 
alloy. It is, however, not known if the active particles are 
TiAl3 or TiB2. 
The above described method for grain re?ning has, how 

ever, the disadvantage of incubation time and the so-called 
fading effect. Incubation time means that the molten alu 
minium must be kept in molten state for some time after 
addition of the grain re?ner in order to obtain optimum 
effect, while the fading effect means that the grain re?ning 
e?'ect decreases with the holding time. It is believed that the 
fading effect is caused by particles settling in the melt. A 
serious problem with grain re?ning of aluminium alloys 
which are to be used for rolling products is agglomeration of 
TiBz-particles, so-called clustering, which can cause holes 
in the foil. In addition inhomogeneous grain structures have 
been observed, both in regard to grain size and crystal 
structure. 
By the present invention a method for grain re?ning has 

been found whereby aluminium and aluminium alloys with 
a very small grain size are obtained and whereby the 
problem of fading has been substantially reduced. 

According to a ?rst aspect the present invention relates to 
a method for grain re?ning of aluminium and aluminium 
alloys wherein a siliconboron alloy containing from 0.01 to 
4.0% by weight of boron is added to molten aluminium or 
aluminium alloy in such an amount that the resulting melt of 
aluminium or aluminium alloy contains at least 50 ppm 
boron. 
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2 
According to a preferred embodiment of the method, a 

siliconboron alloy containing between 0.02 and 1% by 
weight of boron is added to the molten aluminium or 
aluminium alloy. The siliconboron alloy is preferably added 
in such an amount that the resulting melt of aluminium or 
aluminium alloy contains at least 100 ppm boron. 

According to a second aspect the present invention relates 
to a grain re?ning alloy for aluminium and aluminium 
alloys, which grain re?ning alloy is a siliconboron alloy 
containing between 0.01 and 4% by weight of boron. 

According to a preferred embodiment the siliconboron 
alloy contains between 0.02 and 1.0% by weight of boron. 
The grain re?ning alloy acccording to the present inven 

tion may contain up to 1% by weight of iron and up to 2% 
by weight of aluminium without substantially aifecting the 
grain re?ning effect. The iron content is preferably below 
0.5% by weight and more preferably below 0.2% by weight 
while the aluminium content preferably is below 1% by 
weight and more preferably below 0.5% by weight. 

It has surprisingly been found that the method and the 
grain re?ning alloy according to the present invention results 
in very small grains at a very low boron content in alu 
minium and aluminium alloys at the same time as the known 
fading e?ect virtually does not exist. 

It is believed that the surprisingly good effect of the grain 
re?ning alloy according to the present invention is due to the 
fact that the mechanism of the grain re?ning by the method 
of the present invention is diiferent from the mechanism 
which is effective when using known grain re?ners consist 
ing of aluminium with titanium and/or boron. While the 
grain re?ning effect of these known grain re?ners as men 
tioned above is believed to be caused by presence of 
particles of the type TiAl3 and/or TiB2/AlB2 in the grain 
re?ners which are added to the aluminium melt and which 
particles cause nucleation in the melt, it has been found that 
by the grain re?ner and the method according to the present 
invention, the addition of siliconboron alloy causes solution 
of boron atoms in the aluminium melt. First by cooling the 
aluminium melt, AlB2 particles are formed in situ in the 
melt. The AlB2 particles have a lower density than TiB2 and 
TiAl3 particles and have therefore a lower tendency of 
settling in the aluminium melt. This can explain the fact that 
the well known fading effect, even after long holding times, 
does not occur by the method of the present invention. 
By the method of the present invention aluminium alloys 

having extremely small equiaxial grains have been obtained. 
Thus for anAlSi-alloy containing 9.6% by weight of Si grain 
sizes of 200-300 pm have been obtained at a boron content 
in the melt of 160 ppm. By grain re?ning of the same alloy 
using a conventional aluminium based grain re?ning alloy 
containing 6% by weight of titanium, obtained grain sizes of 
about 1800 pm at aTi-content of 0.10% by weight and about 
1300 um at a Ti-content of 0.2% by weight were obtained. 
As the grain re?ning alloy according to the present 

invention contains silicon as the dominating component the 
method of the present invention cannot be used for alu 
minium and aluminium alloys where the silicon content 
shall be very low. The grain re?ning alloy according to the 
present invention can thus in practice not be used for 
aluminium and aluminium alloys which after grain re?ning 
shall contain less than 0.1% by weight of silicon. 

EXAMPLE 1 

A number of 3 kg high purity aluminium specimens were 
placed in salamander crucibles and melted in a resistance 
furnace. The furnace temperature was kept constant at 800° 



5,582,791 
3 

C. To four of the aluminium melts there was thereafter added 
a siliconboron alloy containing about 1% by weight of boron 
in solid solution, in such an amount that the ?nal alloys 
contained about 9.6% by weight of Si and had boron 
contents of 110 ppm, 160 ppm, 550 ppm and 680 ppm 
respectively. 

For comparison purpose there was provided a melt of 3 kg 
high purity aluminium which was alloyed with high purity 
silicon to provide an alloy containing about 9.6% by weight 
of silicon. The high purity silicon used did not contain 
boron. 

The melts were cast at a constant cooling rate of 1° C. per 
second and the nucleation temperature and the growth 
temperature for the aluminium crystals were calculated from 
the cooling curves. 

The grain sizes for the cast specimens were measured 
according to the intercept method (D(TA)). In addition the 
grain sizes were measured according to Aluminium Asso 
ciations: “Standard Test Procedure for Aluminium Grain 
Re?ners” (D(AA)). According to this standard the cooling 
rate is about 5° C. per second. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The results are shown in FIG. 1 and 2 where FIG. 1 shows 
the cooling curves for the melt containing 160 ppm boron 
and for the melt that did not contain boron, and where FIG. 
2 shows the nucleation temperature, Tn, the crystal growth 
temperature, Tg, and the grain size as a function of boron 
content in the aluminium alloys. 
From FIG. 1 it can be seen that the start of the solidi? 

cation process is very dilferent for the alloy which was 
treated by the method of the present invention compared to 
the Al-Si alloy without boron addition. Thus the Al-Si alloy 
without boron addition shows a supercooling before recales 
cence up to the crystal growth temperature. In contrast to 
this the cooling curve for the alloy which was grain re?ned 
according to the present invention ?attens out at a substan 
tially constant temperature level immediately after nucle 
ation. 

From FIG. 2 it can be seen that for the specimens 
containing boron, the nucleation temperature and crystal 
growth temperature seem to be independant of the boron 
concentration above a certain minimum value. FIG. 2 further 
shows that the grain sizes that are obtained by addition of the 
grain re?ner according to the present invention are very 
small and in the range of 300 pm. It can further be seen from 
FIG. 2 that the grain size is independent of the boron content 
as long as the boron content is kept above a certain mimi 
mum value. Finally FIG. 2 shows that the cooling rate does 
not substantially, affect the grain size for the aluminium 
alloys which have been grain re?ned according to the 
present invention. 

In order to investigate the fading e?‘ect, additional melts 
of the above mentioned compositions were cast 1 hour, 2 
hours, 2.5 hours, 3.4 hours, 4 hours and 6.5 hours after 
addition of grain re?ner. It was found that the nucleation and 
crystal growth temperature were not aifected by the holding 
time. This shows that the fading effect does not occur by use 
of the grain re?ner according to the present invention. 

EXAMPLE 2 

Two melts of 3 kg high ‘purity aluminium were produced 
in the same way as described in Example 1. A siliconboron 
alloy containing about 1% by weight of boron was added to 
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the two melts in such an amount that the ?nal alloys 
contained 1.1% by weight of silicon and 100 ppm boron. 
The melts were kept at 800° C. for 0.5 and 1 hour respec 
tively, whereafter the alloys were cast at a cooling rate of 1° 
C. per second. The cooling curves for the two alloys show 
that the supercooling before formation of aluminium crystals 
was about 05° C. which is substantially less than what is 
expected for such an alloy without boron content. This 
shows that the method and the grain re?ner according to the 
present invention are also elfective for aluminium having a 
relatively low silicon content. The grain sizes for the solidi 
?ed specimens were measured according to the intercept 
method. The average grain size was measured to about 900 
pm which is substantially less than what is expected for an 
Al-l.lSi alloy which has not been grain re?ned. 

Microstructure investigation of the two specimens 
showed that a number of the aluminium crystals contained 
primary AlB2 particle in their center. 
What is claimed: 
1. A grain re?ning alloy for aluminium and aluminium 

alloys which is a siliconboron alloy consisting essentially of 
boron in an amount between about 0.01% and about 4% by 
weight alloy; iron in an amount up to about 1% by weight 
alloy; aluminium in an amount up to about 2% by weight 
alloy; and silicon as a remainder. 

2. The grain re?ning alloy according to claim 1, wherein 
the amount of boron is between about 0.02 and about 1.0% 
by weight alloy. 

3. The grain re?ning alloy according to claim 1 or 2, 
wherein the amount of iron is below about 0.5% by weight 
alloy and the amount of aluminium is below about 1% by 
weight alloy. 

4. A grain re?ner for use in aluminum and aluminum 
melts which have a reduced fading eifect and which pro 
duces a small equiaxial grain size in aluminum or aluminum 
alloys, said grain re?ner being a siliconboron alloy consist 
ing essentially of: 

(a) boron in an amount between about 0.01 to about 4% 
by weight alloy; 

(b) iron in an amount up to about 1% by weight alloy; 
(c) aluminum in an amount up to about 2% by weight 

alloy; and 
(d) silicon as a balance; and said grain re?ner not fading 

after 4 hours of bold time prior to cooling and forming 
a solid aluminum or aluminum alloy and said grain 
re?ner producing a small equiaxial grain size in said 
solid aluminum or aluminum alloy. 

5. The grain re?ner of claim 4 wherein the amount of 
boron is between about 0.02 and about 1% by weight alloy. 

6. The grain re?ner of claim 4 wherein the amount of iron 
is below about 0.5% by weight alloy and the amount of 
aluminum is below about 1% by weight alloy. 

7. The grain re?ner of claim 4 wherein the amount of iron 
is below about 0.2% by weight alloy and the amount of 
aluminum is below about 0.5% by weight alloy. 

8. The grain re?ner of claim 5 wherein the amount of iron 
is below about 0.5% by weight alloy and the amount of 
aluminum is below about 1% by weight alloy. 

9. The grain re?ner of claim 5 wherein the amount of iron 
is below about 0.2% by weight alloy and the amount of 
aluminum is below about 0.5% by weight alloy. 

10. A grain re?ner siliconboron alloy for aluminum and 
aluminum alloys consisting of: 

(a) boron in an amount between about 0.01 and about 4% 
by weight alloy; 

(b) iron in an amount up to about 1% by weight alloy; 
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(c) aluminum in an amount up to about 2% by weight 
alloy; and 

(d) silicon as a balance. 
11. The grain re?ner of claim 10 wherein the amount of 

boron is between about 0.02 and about 1% by weight alloy. 
12. The grain re?ner of claim 10 wherein the amount of 

iron is below about 0.5% by weight alloy and the amount of 
aluminum is below about 1% by weight alloy. 

13. The grain re?ner of claim 10 wherein the amount of 
iron is below about 0.2% by weight alloy and the amount of 
aluminum is below about 0.5% by weight alloy. 

14. A grain re?ner for aluminum and aluminum alloys, 
which is resistant to fading, said grain re?ner being a 
siliconboron alloy consisting of: 

(a) boron in an amount between about 0.01 and about 4% 
by weight alloy; 

(b) iron in an amount up to about 1% by weight alloy; 
(c) aluminum in an amount up to about 2% by weight 

alloy; and 
(d) silicon as a balance; and said grain re?ner not fading 

after 4 hours of hold time prior to cooling and forming 
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a solid aluminum or aluminum alloy and said grain 
re?ner producing a small equiaxial grain size in said 
solid aluminum or aluminum alloy. 

15. The grain re?ner of claim 14 wherein the amount of 

boron is between about 0.02 and about 1% by weight alloy. 
16. The grain re?ner of claim 14 wherein the amount of 

iron is below about 0.5% by weight alloy and the amount of 
aluminum is below about 1% by weight alloy. 

17. The grain re?ner of claim 14 wherein the amount of 

iron is below about 0.2% by weight alloy and the amount of 
aluminum is below about 0.5% by weight alloy. 

18. The grain re?ner of claim 15 wherein the amount of 
iron is below about 0.5 % by weight alloy and the amount of 
aluminum is below about 0.5% by weight alloy. 

19. The grain re?ner of claim 15 wherein the amount of 
iron is below about 0.2% by weight alloy and the amount of 
aluminum is below about 0.5% by weight alloy. 


